C ardiovascular events and mortality have decreased in many countries over the past 2 decades. [1] [2] [3] [4] However, this positive trend does not extend to all individuals. In particular, rates of cardiovascular events and mortality in young adults have decreased to a lesser extent or have remained unchanged. 1, [5] [6] [7] Atherosclerotic cardiovascular disease (ASCVD) in young adults represents a specific and growing challenge. In the INTERHEART (Effect of Potentially Modifiable Risk Factors Associated With Myocardial Infarction in 52 Countries) study, 9 traditional cardiovascular risk factors accounted for 90% of the population-attributable risk for myocardial infarction (MI) in men and 94% in women, with a larger impact on younger people (population-attributable risks of 93% and 97%, for men aged ≤55 years and women aged ≤65 years, respectively). 8 Young people, and especially young women, may be less aware of their underlying cardiovascular risk factors and are less likely to discuss lifestyle modification or primary prevention with their healthcare providers. 1, 9, 10 The burden of ASCVD in young adults is an important public health issue because of potential loss of lifetime productivity and increased lifetime healthcare use. The emphasis on sexand age-specific approaches to ASCVD has resulted in the development of programs, campaigns, and guidelines targeting this issue. The 66th World Health Assembly introduced the World Health Organization Global Action Plan for the Prevention and Control of Noncommunicable Diseases 2013 to 2020 (resolution WHA66.10). 11 Targets for 6 preventable risk factors (tobacco and alcohol use, salt intake, obesity, and elevated blood pressure and glucose) were established to reduce premature ASCVD mortality by 25% in 2025. 12 The
World Heart Federation joined this global "25 by 25" campaign. At the same time, large campaigns targeting cardiovascular health in women, such as Go Red for Women, were launched in many countries to address sex-related disparities in prevention and treatment of ASCVD. Despite this, there is limited information about the cardiovascular risk profiles, management, and sex-related differences in younger patients with ASCVD and in particular coronary artery disease (CAD). In addition, the degree to which these recent public campaigns have positively addressed the problem of premature CAD is unclear.
The objectives of this study were as follows: (1) to evaluate changes in the incidence of premature CAD; (2) to characterize recent trends in the prevalence of modifiable major cardiovascular risk factors; (3) to examine and compare differences in risk profiles, clinical presentation, revascularization, and outcomes between young women and men with CAD; and (4) to identify predictors of mortality in young patients with a first presentation of CAD in the Canadian province of British Columbia (BC).
Methods
The study data used in this study can be requested by qualified researchers from Cardiac Services of BC (CSBC) (http://www.cardiacbc.ca/contact).
Data Source/Study Period
We analyzed data from the CSBC Registry to identify young adults with a first presentation of CAD between January 1, 2000, and December 31, 2016. CSBC is an agency responsible for planning, coordinating, monitoring, and evaluating cardiac services across BC. The CSBC Registry is an electronic cardiac information system that collects clinical, procedural, and demographic information on patients who receive treatment at all 5 regional cardiac centers that deliver cardiac services in the province. 13 
Patients

Inclusion criteria
We included all young adults (men aged 19-50 years, women aged 19-55 years) with a first presentation of CAD, which we defined as at least one of the following: acute ST-segmentelevation MI (STEMI), non-ST-segment-elevation myocardial infarction (NSTEMI), or stable or unstable angina pectoris with angiographically proven coronary disease. We also included patients who initially had other indications for angiography but met the angiographic criteria of eligibility (namely, ≥50% luminal stenosis of ≥1 coronary arteries on diagnostic coronary angiography) or underwent percutaneous or surgical revascularization. The first diagnostic coronary angiography or percutaneous coronary intervention was considered as the index procedure. All patients had an index procedure between January 1, 2000, and December 31, 2016 ( Figure 1 ). To ensure that trends in the indication for cardiac catheterization did not interfere with trends in risk profiles and mortality in our cohort, the proportion of patients with first presentation as an acute coronary syndrome, stable angina, or other conditions was calculated for every year within the study period (Table S1 ).
Exclusion criteria
We excluded patients with a history of CAD, defined as prior MI, previous evidence of ≥50% luminal stenosis of ≥1 coronary arteries on diagnostic coronary angiography, or prior coronary revascularization. Patients who were not BC residents or for whom sex was unknown were also excluded.
Variables
Cardiovascular risk factors, comorbidities, and clinical presentation Dyslipidemia, hypertension, and diabetes mellitus were considered present if these conditions were self-reported by the
Clinical Perspective
What Is New?
• In this study of a contemporary cohort of patients with angiographically proven premature coronary disease, the incidence rates of coronary artery disease in younger people have not declined as they have for older patients.
• This trend is accompanied by increasing prevalence of important cardiovascular risk factors, such as hypertension, diabetes mellitus, and obesity.
• After a notable initial improvement of mortality risk between 2000 and 2007, it remained unchanged for the following 9 years of the study period.
What Are the Clinical Implications?
• Comprehensive and more effective strategies for screening and primordial and primary prevention of premature coronary artery disease are needed.
• Clinical studies, developed specifically for patients with premature coronary artery disease, are needed to understand further the specific cardiovascular risk profile and to enhance risk-estimation approaches for young adults.
• Initiatives and campaigns, such as the World Heart Federation's "25 by 25" campaign, should be more actively promoted to raise awareness in the general public and medical community.
patient before the index procedure and recorded in CSBC Registry; if they were previously diagnosed by a physician, according to medical records; or if the patient was undergoing treatment with antihypertensive, antidiabetic, or cholesterollowering medications. Smoking status was determined from the patient's self-reported status. Obesity, defined as having a body mass index ≥30 kg/m 2 , was determined according to height
and weight recorded at the time of the index procedure. The presence of additional comorbidities was assessed from patients' medical records and CSBC Registry. Symptoms at presentation, diagnosis, and indications for the index procedure were assessed and recorded by cardiologists in cardiac centers before the index procedure. Acute coronary syndrome by clinical manifestation (NSTEMI, STEMI, and unstable angina) was only available in patients with an index procedure from 2012 to 2016 (n=3154).
Extent of CAD, procedural variables, and mortality
The extent of CAD was determined by angiographic findings during the index procedure. Urgency at procedure was defined as follows: emergent (must be done without delay), urgent (done before hospital discharge), or elective (next available time). Data on all-cause mortality were available between January 1, 2000, and December 31, 2016, and were obtained through linkage with vital statistics.
Ethics
The study was approved by the University of BC Research Ethics Board. Informed consent was not required as data were anonymized by data stewards, CSBC. 
Statistical Analysis
Baseline characteristics and indications for index procedure, procedural variables, and clinical characteristics at presentation were summarized as frequencies and percentages or medians and first and third quartiles for categorical and continuous variables, respectively. To test for sex differences, the v 2 and Wilcoxon sum-rank tests were conducted for categorical and continuous variables, respectively. To account for changes in the age and sex of the underlying population over the 16-year time frame of this study, direct standardization method was used to calculate age-standardized incidence rates of CAD, by sex and by age group (19-40, 41-45, 46-50, and 51-55 years). All rates were standardized to the year 2016, of the BC population obtained from Statistics Canada population life tables. 14 Temporal trends in each of the 5 key cardiovascular risk factors (obesity, diabetes mellitus, hypertension, hyperlipidemia, and current smoking) were assessed using the logistic regression model with year fitted as a linear covariate. To allow for different trend by sex, each model was adjusted for an interaction term between sex and year. All models were also adjusted for age. Patients were also summarized according to the number of key cardiovascular risk factors present (range, 0-5) using counts and percentages, stratified by sex and age group. The average number of risk factors per patient was plotted by sex at each year, with the trend illustrated using the "loess" smoothing method.
Unadjusted mortality rates with standard errors, by sex, were estimated for 30 days and 1, 3, 5, and 10 years using the Kaplan-Meier method. Mortality rates were also estimated by sex for each age group and compared using the log-rank test (with the exception of the 51-55 years of age curve, which was only done for women).
Factors associated with mortality were assessed using multivariable Cox regression analysis. Selection of predictors was conducted using the backward stepwise approach. Predictors with P≤0.1 were retained in the final model. The following 23 covariates were considered for selection: sex, age, procedure year, health authority, body mass index, smoking (never/former/current), comorbidities (heart failure, hypertension, hyperlipidemia, diabetes mellitus, peripheral vascular disease, cerebrovascular, liver/gastrointestinal tract disease, renal insufficiency, chronic lung disease, and malignancy), extent of CAD (<2, 2, and 3 vessels, including the left main coronary artery), urgency, ejection fraction (>50% and ≤50%), revascularization, and complicating factors (heart failure, hemodynamic instability, and cardiogenic shock). Revascularization, either at or after the index procedure, was modeled as a time-dependent covariate. Four covariates were eliminated by the backward stepwise selection process: health authority, body mass index, urgency, and heart failure. The final model included sex regardless of its statistical significance because of its clinical significance in the context of the mortality outcome. The analysis was performed for all patients, and the same model was also fitted separately for female and male cohorts. Interaction between age and sex was tested on the basis of all patients. Proportional hazards assumption was tested using the Schoenfeld residuals. Estimated hazard ratios and 95% CIs were reported for the predictors for all 3 models. All analyses were performed using SAS software, version 9.4 (SAS Institute, Cary, NC). Figures were generated using RStudio, version 1.1.383. 15 
Results
Participants
We identified 15 171 young adults with a first presentation of CAD between 2000 and 2016. We excluded 2185 patients from the study because of a history of CAD, 68 because of missing information about sex, and 399 who were not residents of BC ( Figure 1 ). In total, 12 519 patients were included in the analysis (30.4% women). The demographics, cardiovascular risk factors, and other comorbidities are shown in Table 1 .
Incidence Rate of ASCVD
The age-standardized rate of the first presentation with CAD was stable for both sexes over the entire observation period. The incidence was greater for men (46-53 per 100 000) than women (18-23 per 100 000) overall and in all age groups (Figure 2A and 2B).
Cardiovascular Risk Factors
Prevalence A total of 92.4% of patients had at least one potentially modifiable cardiovascular risk factor. Hyperlipidemia was the most common risk factor (47.1% overall) and was more common among men (45.4% in women versus 47.8% in men; P<0.001) ( Table 1) . Hypertension was present in 42.5% of patients and was more common in women (48.7% in women versus 39.8% in men; P<0.001). A total of 43.3% of patients were current smokers and 22.0% were former smokers, which was similar in women and men. Obesity was present in 36.8% of patients, more often among women (39.3% in women versus 35.6% in men; P<0.0001). Diabetes mellitus was the least common risk factor (18.7% overall), and it was significantly more common in women (26.0% in women versus 15.5% in men; P<0.001).
Temporal Trends
The prevalence of hyperlipidemia and smoking decreased over the 17 years of the study period. After adjusting for age, the odds for having hyperlipidemia decreased by 3.1% (95% CI, 2.2%-3.9%) per year for men, and at a slightly higher rate for women (4.8% [95% CI, 3.9%-6.1%]; P=0.03 for interaction). The odds for current smoking declined in both sexes (1.9% [95% CI, 1.0%-2.7%] per year for men and 1.1% [95% CI, 0.3%-2.4%] per years for women; P=0.36 for interaction) (Figure 3) .
In contrast, the prevalence of 3 risk factors increased significantly: for diabetes mellitus, the odds increased in both sexes ( 
Cumulative Burden
Many patients had multiple cardiovascular risk factors: 29.8% had 2, 21.9% had 3, 11.7% had 4, and 3.4% had 5 cardiovascular risk factors. The distribution risk factor burden is shown in Figure 4 . The numbers of risk factors varied by age, with less of a risk factor burden observed in the youngest group. In addition, women had a higher number of risk factors per person per year during the entire study period ( Figure 5 ).
Clinical Presentation, Coronary Angiography, and Revascularization
Most patients, 74.4% (71.7% women versus 75.6% men; P<0.001), presented with an acute coronary syndrome. Of the subgroup of patients for whom information on clinical Data are given as number (percentage). BMI indicates body mass index; CAD, coronary artery disease. *The P value is based on a comparison that excludes the age group of 51 to 55 years. † A total of 304 were missing. ‡ A total of643 were missing. Figure 2 . The age-standardized incidence rate with 95% CI of premature coronary artery disease (CAD) by sex (A) and by sex and age group (B). The incidence rates of premature CAD were stable for both sexes during the observed period. The incidence rate was greater for men than women in all age groups.
manifestation was available (n=3154), 49.1% had NSTEMI (51.5% of women versus 48.0% of men), 41.3% had STEMI (37.5% of women versus 43.1% of men), and 9.6% presented with unstable angina (11.0% of women versus 8.9% of men) (P=0.023). Women more often had atypical symptoms at presentation (4.1% of women versus 2.5% of men) ( Table 2) . Men had a greater extent of CAD, with 48.0% of men versus 38.0% of women having ≥2 vessels with >50% stenosis. Women less frequently underwent emergent procedures (19.8% of women versus 24.9% of men) and were less likely to undergo percutaneous coronary intervention at the index procedure (55.9% of women versus 64.7% of men).
Mortality Rates and Temporal Trends
Of patients, 8% (10.3% of women and 7.1% of men) died during the study period. The all-cause mortality rates were higher for women at 1, 3, 5, and 10 years of follow-up (Table 3, Figure 6A ). When analyzed by age-sex groups, we observed significantly higher mortality for women in the age groups of 19 to 40 and 41 to 45 years, but not in the age group of 46 to 50 years ( Figure 6B ).
In multivariable Cox regression, hypertension, diabetes mellitus, current and former smoking, multivessel CAD, and accompanying cerebrovascular or peripheral vascular diseases predicted a higher mortality risk, whereas hyperlipidemia, revascularization, and baseline ejection fraction >50% reduced the risk of mortality (Table 4) . After adjustment for these covariates, sex was not an independent predictor of mortality (adjusted hazard ratio [95% CI], 1.10 [0.95-1.27]).
We assessed the effect of year of presentation on mortality. We observed a reduction in mortality rates in women (hazard ratio, 0.68; 95% CI, 0.53-0.88) and men (hazard ratio, 0.70; 95% CI, 0.57-0.86) with an index event in the period of 2004 to 2007 compared with the period of 2000 to 2003, without any significant further improvement for either sex in later periods. After an initial improvement with a risk reduction of 31.0% between 2000 and 2007, mortality remained unchanged for the remaining 9 years of the study period. However, because of the unequal follow-up across these 4 time periods, the differences observed primarily reflect differences that occurred during the first few years of follow-up.
Discussion
Using a provincial clinical cardiac registry, we investigated the incidence of angiographically documented premature CAD, as well as the prevalence, temporal patterns, and sex differences of cardiovascular risk factors, treatment, and outcomes in a cohort of patients with premature CAD. The study cohort included all patients in the province of BC who met the study criteria. Notable strengths of this study include the capture of all invasive cardiac procedures in the province over an extended period in a young population with a diagnosis of angiographically documented CAD. We did not identify a decline in the incidence of premature CAD in BC from 2000 to 2016, which is in notable contrast to the overall population of patients with ASCVD, among whom the age-standardized rate of hospitalization for acute coronary events decreased from 264 to 247 per 100 000 in Canada and from 208 to 202 per 100 000 in BC between 2010 and 2016. 16 We observed a high burden of potentially modifiable risk factors in this cohort with an increasing prevalence of diabetes mellitus, obesity, and hypertension over time. Finally, we found that after initial improvement between 2000 and 2007, mortality remained unchanged for the following 9 years of the study period, and both short-and long-term mortality was greater in women than in men in this population. 
Cardiovascular Risk Factors
One potential explanation for the steady incidence rate of CAD could be the high burden of cardiovascular risk factors in the study population, with 92% of patients having at least one recognized risk factor. The prevalence and cumulative burden of all risk factors in this cohort were higher than in the general Canadian population of the same age, [17] [18] [19] [20] [21] and close to those observed previously in populations of patients with ASCVD with much higher mean age. 8, 22, 23 In the INTERHEART study, 9 potentially modifiable cardiovascular risk factors accounted for >93% of the population-attributable risk of MI in young patients. 8 Consequently, some or much of the burden of premature ASCVD could be potentially prevented if these cardiovascular risk factors were identified early and effectively addressed. At the same time, young people, and especially women, are known to be less aware of their cardiovascular risk factors than older patients and less often discuss risk modification with healthcare providers.
1,9,10
Trends in Cardiovascular Risk
A notable finding in our study was an increase in the prevalence of hypertension, diabetes mellitus, and obesity between 2000 and 2016. An increasing prevalence of these cardiovascular risk factors in young people was reported previously by Lee et al, who assessed data obtained from the general Canadian population between 1994 and 2005. 24 A continuation of this trend indicates that more attention to cardiovascular primary prevention and more active preventive strategies are still required in the young population to address a possible lack of awareness and poorer control of risk factors. Also, cardiovascular risk in young patients could be strongly influenced by genetic factors and may be harder to control, 25 so new approaches to screening and prevention may be needed.
Sex-Related Differences in Risk Profiles and Outcomes
We found that throughout the 17-year period of our study, women had a less favorable risk factor profile and higher mortality than men. Numerous previous studies have reported sex differences in the risk profiles of patients with ASCVD. 6, 8, 9, 23, 24, 26 As a result, recent guidelines have focused on lifetime risk of ASCVD in women in an effort to address these disparities. 27, 28 However, our data suggest that despite these efforts, significant sex disparities remain. Our findings provide insight into the possible relationships between these disparities in risk profiles and in mortality. After adjustment for baseline and procedural confounders, there was no significant difference in all-cause mortality between sexes. Consequently, baseline characteristics, such as risk factors, comorbidities, and preprocedural complications, were likely responsible, at least in part, for the worse prognosis in women. In addition, some of the cardiovascular risk factors, such as diabetes mellitus and hypertension, and several comorbidities were both more prevalent and had a greater impact on mortality in women than in men in our study.
Temporal Trends in Outcomes
Finally, although we observed a decrease in mortality risk from 2000 to 2007, there was no further decrease after 2007 in either sex. The lack of further declines mirrors the pattern observed in the overall population of patients with ASCVD, in whom no significant reduction in cardiovascular mortality was seen during the past 6 years. 29 As we found an increasing prevalence of several cardiovascular risk factors linked with mortality in this population, more effective screening and treatment of these risk factors may be needed to further reduce mortality.
Limitations
Our study has several important limitations related to the inclusion criteria and the retrospective nature of this analysis. Previous studies have shown that young women with MI have a lower probability of undergoing angiography, 30 which may have led to underrepresentation of women in our study, because our inclusion criterion was based on angiographically documented disease. Several risk factors, such as diabetes mellitus, hypertension, and hyperlipidemia, were either self-reported or captured by attending physicians or medical records and lacked standardized definitions. Our data source was limited to variables collected in the CSBC Registry; thus, other important risk factors, like family history, were not included in our analysis. Also, the registry did not capture data on the quality of in-hospital care or in-hospital complication rates. Given the lack of adjudication of cause of death, our study was limited to all- 
Conclusion
In conclusion, the incidence of first presentation with CAD has not declined for young patients in BC from 2000 to 2016. Moreover, a high burden of risk factors and an increasing prevalence of several preventable major cardiovascular risk factors were observed in this cohort. Combined with higher mortality rates in younger women, which are possibly related to their unfavorable cardiovascular risk and comorbidity profiles, these findings suggest a greater need for effective screening and primary prevention strategies in the high-risk young population to address the stagnation in the prevalence of premature CAD, as well as disparities in risk factors and outcomes between young men and women. 
